Background: The first British Dietetic Association (BDA) guidelines for the dietary management of irritable bowel syndrome (IBS) in adults were published in 2012. Subsequently, there has been a wealth of new research. The aim of this work was to systematically review the evidence for the role of diet in the management of IBS and to update the guidelines. Methods: Twelve questions relating to diet and IBS were defined based on review of the previous guideline questions, current evidence and clinical practice. Chosen topics were on healthy eating and lifestyle (alcohol, caffeine, spicy food, elimination diets, fat and fluid intakes and dietary habits), milk and dairy, dietary fibre, fermentable carbohydrates, gluten, probiotics and elimination diets/food hypersensitivity. Data sources were CINAHL, Cochrane Register of Controlled Trials, Embase, Medline, Scopus and Web of Science up to October 2015. Studies were assessed independently in duplicate using risk of bias tools specific to each included study based on inclusion and exclusion criteria for each question. National Health and Medical Research Council grading evidence levels were used to develop evidence statements and recommendations, in accordance with Practice-based Evidence in Nutrition Global protocol used by the BDA. Results: Eighty-six studies were critically appraised to generate 46 evidence statements, 15 clinical recommendations and four research recommendations. The IBS dietary algorithm was simplified to first-line (healthy eating, provided by any healthcare professional) and second-line [low FODMAP (fermentable oligosaccharides, disaccharides, monosaccharides and polyols) to be provided by dietitian] dietary advice. Conclusions: These guidelines provide updated comprehensive evidencebased details to achieve the successful dietary management of IBS in adults.
Introduction
Irritable bowel syndrome (IBS) in adults is a global problem, with prevalence rates of 7-21% (1) . It is a chronic gastrointestinal disorder characterised by fluctuating abdominal pain or discomfort associated with an altered bowel habit in the absence of organic disease (2) . Subtypes of IBS are classified as diarrhoea-predominant (IBS-D), constipation-predominant (IBS-C), both diarrhoea and constipation (IBS-M) or unspecified (IBS-U) (3) . Dietary triggers are common, with up to nine out of 10 individuals reporting that food generates symptoms (4, 5) . Two-thirds of individuals with IBS initiate dietary restrictions to improve symptoms (6) , and so dietary management is an important option within medical treatment. The first British Dietetic Association (BDA) guidelines for the dietary management of IBS were developed several years ago (7) but lacked comprehensive critical appraisal for all dietary management strategies, notably within first-line approaches on healthy eating and lifestyle. Evidence on the efficacy of a low fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP) diet has rapidly developed (8) (9) (10) , has been incorporated into other IBS guidelines (2, 11) , and needs further review. In addition, the potential for gluten to initiate gastrointestinal symptoms has become of interest (12, 13) and so the research on the role of gluten in IBS needs appraisal.
The aims of these BDA updated guidelines were (i) to systematically review the evidence on diet in IBS in adults (>16 years), incorporating risk of bias assessment, in relation to symptom generation and management and (ii) to update the previous guidelines with comprehensive evidence-based guidelines and a clinical dietary pathway with international scope and application.
Methods
Guideline development was in accordance with guidance from Practice-based Evidence in Nutrition (PEN) Global (Table 1 ) and the BDA. An IBS dietetic guideline review group (IBS-DGRG) was formed consisting of 12 registered dietitians belonging to the BDA Gastroenterology Specialist Group. All members developed critical appraisal skills to competently use the assessment tools described; more experienced members teamed up with less experienced members to develop equality in competence.
Questions were developed based on research literature, changing clinical practice and gaps in the evidence base, and included the topics: healthy eating and lifestyle (alcohol, caffeine, spicy food, fat, fluid and dietary habits), milk and dairy, dietary fibre, fermentable carbohydrates, gluten, probiotics and elimination diets/food hypersensitivity. For probiotics, a systematic review of systematic reviews was undertaken, for which details are provided elsewhere (15) . Generic and question-specific inclusion and exclusion criteria were based on Population, Interventions, Comparisons, Outcome measures and Types of study (PICOT) (see Supporting information, Table S1 ). Search terms for each question are also described in the Supporting information (Table S2) .
A systematic literature search using databases CINAHL, Cochrane Register of Controlled Trials, Embase, Medline, Scopus and Web of Science was conducted and relevant studies were identified from January 1985 to October 2015. Studies prior to 1985 were excluded as a result of inadequate definitions of IBS, as well as insufficiently described methodology and outcomes. Only full papers (i.e. not abstracts) in the English language were eligible. Reference lists of included studies were cross-searched for other studies of potential relevance. Each title/abstract of Table 1 Practice-based evidence in nutrition (PEN) evidence grading (14) Level A -the conclusion is supported by good evidence The evidence consists of results from studies of strong design for answering the question addressed. The results are both clinically important and consistent with minor exceptions at most. The results are free of any significant doubts about generalisability, bias, and flaws in research design. Studies with negative results have sufficiently large samples to have adequate statistical power Level B -the conclusion is supported by fair evidence The evidence consists of results from studies of strong design for answering the question addressed, but there is some uncertainty attached to the conclusion because of inconsistencies among the results from the studies or because of minor doubts about generalisability, bias, research design flaws, or adequacy of sample size. Alternatively, the evidence consists solely of results from weaker designs for the question addressed, but the results have been confirmed in separate studies and are consistent, with minor exceptions at most Level C -the conclusion is supported by limited evidence or expert opinion The evidence consists of results from studies of strong design for answering the question addressed, but there is substantial uncertainty attached to the conclusion because of inconsistencies among the results from different studies or because of serious doubts about generalisability, bias, research design flaws, or adequacy of sample size. Alternatively, the evidence consists solely of results from a limited number of studies of weak design for answering the question addressed. Finally, the support for a particular opinion may consist of statement of informed, respected authorities based on their experiences, descriptive studies of reports of expert panels Level D -evidence is limited The evidence is limited studies that are either such poor quality or too conflicting that no conclusions can be made. No evidence from either authoritative sources or research involving humans was found any potentially relevant study was screened against question-specific inclusion and exclusion criteria by at least one member independently. Reasons for excluding studies are provided in the Supporting information (Table S3) . At least two members independently critically appraised each study and assessed risk of bias methodology (16, 17) (see Supporting information, Table S4 ). In line with the hierarchy of research evidence, PEN Global and the BDA guidance, more weighting was given to systematic reviews over randomised controlled trials (RCTs) over case-control studies and finally cross-sectional studies. Critical appraisals and risk of bias assessments were agreed by the question-specific members. Where applicable, measurement of dietary intake was considered as an important aspect of study design.
There are no biological markers to assess symptom response in IBS and so there is much reliance on patient-reported symptom assessment to measure outcomes (18) . Traditional binary and 50% improvement symptom assessment tools have been shown to be reliable, valid and appropriate for use in IBS subtypes (18) . Thus, for the purpose of these guidelines, interpretation of outcomes from different studies have been assumed as being comparable.
Using Australian Government National Health and Medical Research Council (NHMRC) guidance (19) , an evidence statement matrix was developed for each question and included considered judgement on the evidence base, consistency, clinical impact and generalisability, which enabled members to link the evidence statements to clinical practice and research recommendations. SIGN grading (2008) for evidence statements from the first guidelines were updated to PEN Global evidence grades (A-D) (14) (Table 1) . IBS-DGRG consensus agreement was used throughout the process to resolve any issues. Finally, the IBS dietary algorithm was revised.
Results
The comprehensive literature search identified a potential 3170 papers. Eighty-six of these met the inclusion criteria and included nine systematic reviews, 67 RCTs, six casecontrol studies and four cross-sectional cohort studies (see Supporting information, Table S5 ). Risk of bias assessments for all questions except probiotics are shown in Table 2 and probiotics are presented elsewhere (15) . Forty-six evidence statements led to the development of 15 recommendations (Table 3) . A recommendation related to fluid intake was not developed as a result of insufficient evidence. Four research recommendations were made. The IBS algorithm for clinical practice was updated and simplified to include only first-line and second-line advice; third-line advice was removed (Fig. 1) .
Healthy eating and lifestyle
Individuals with IBS often report that alcohol, caffeine, spicy food and fatty food trigger gastrointestinal symptoms (6, 20) . Alcohol affects gastrointestinal motility, absorption and intestinal permeability (21, 22) . Caffeine increases gastric acid secretion and colonic motor activity in healthy subjects (23, 24) and coffee has also been found to rapidly increase rectosigmoid motor activity (25) . Capsaicin is the active component in hot peppers and, in spicy food, this compound is responsible for accelerating gastrointestinal transit via the transient receptor potential vanilloid-1 (TRPV) causing abdominal pain and burning sensations in healthy individuals (26) . Increased TRPV receptors have been found in individuals with visceral hypersensitivity (27) (28) (29) . Fat stimulates the gastrocolic reflex and, when delivered directly into the duodenum, the response is prolonged and exaggerated in individuals with IBS (30, 31) . Moreover, fat affects small intestinal motility (32) . Some of these mechanisms may explain why these food components exacerbate IBS symptoms.
The evidence for healthy eating and lifestyle was not systematically reviewed in the first guidelines (7) and so forms part of this update.
1a What effect does alcohol have on IBS symptoms?
Included studies and evidence statements. Four level III case-control studies (33) (34) (35) (36) and one level III cross-sectional study (37) fulfilled the inclusion criteria and were evaluated (Table 4) . These observational studies reported the perceived effects of alcohol intake with respect to symptom development in individuals with IBS compared to controls. One case-control study reported alcohol induced symptoms (34) , whereas two more noted specific symptom associations: loose stools (36) ; abdominal pain, nausea, indigestion and diarrhoea in binge drinking (more than four drinks) in women but not in men (35) . The cross-sectional study reported that beer and wine induced symptoms (37) . One case-control study did not find alcohol induced symptoms (33) . There was a high risk of bias providing limited evidence that up to one-third of patients found that alcohol induced or worsened IBS symptoms (34, 36, 37) . 1a-i Alcohol can induce or worsen IBS symptoms (34) (35) (36) (37) C.
Practical considerations. Assess alcohol intake in relation to symptoms to determine whether a reduction may relieve symptoms and ensure intake is within recommended safe limits. (33) (34) (35) (36) . Two related IBS symptoms to coffee and tea consumption (33, 36) ( Table 4) , and one specifically to caffeine intake (34) . One study noted hard stools for tea, as well as gastrooesophageal reflux, dyspepsia, abdominal pain, loose stools for coffee (36) . Three studies with high risk of bias provided limited evidence for an association with caffeine or coffee consumption on symptoms (33, 34, 36) and one study with a high risk of bias found no association with caffeine (35) . 1b-i Caffeine can induce or worsen IBS symptoms (33, 34, 36) C.
Practical considerations. Assess caffeine intake and, if related to symptoms, consider reducing intake. Daily caffeine intakes up to 400 mg day -1 do not raise any safety concerns in the general population, apart from in pregnancy where 200 mg day -1 is the current maximum (38) . Behavioural changes (e.g. irritability, nervousness or anxiety) have been reported in caffeine intakes of 5 mg day -1 body weight (39) .
1c What effect does spicy food have on IBS symptoms?
Included studies and evidence statements. Two level II RCTs (40, 41) , four level III case-control studies (33, 34, 36, 42) and one cross-sectional level III study (37) met the inclusion criteria and were evaluated (Table 4) . Four studies relate to the ingestion of hot or spicy food (33) , hot spices (36) , cayenne/red pepper or chilli/Tabasco (37) , spicy food, curry, chilli (34) . One study compared chilli powder (2 g day -1 , 1.87 mg of capsaicin) in a meal with capsule supplementation in IBS-D (41) . In two studies, supplementation was given as four enteric coated tablets per day for 6 weeks (600 mg of red pepper powder per (88) or 4 weeks (87, 91) . day, 2 mg of capsaicin) (40) and a one-off dose of 10 capsules (10 g of red chilli powder, 14 mg of capsaicin) (42) . One study showed positive effects of high dose chilli powder supplementation on abdominal pain threshold in IBS (40) , whereas the other studies demonstrated negative effects of spicy food, hot spices and smaller quantities of chilli powder on symptom induction. Two studies noted specific symptom onset: abdominal pain and oral burning (41) , as well as abdominal pain and gastro-oesophageal reflux (36) . The evidence was limited with a high risk of bias.
1c-i Spicy food induced symptoms in IBS (34, 36, 37) , specifically in men (33) , and IBS-D (41) C. 1c-ii Oral administration of red pepper tablets (2 mg day -1 capsaicin) improved abdominal pain threshold but not abdominal pain or bloating compared to placebo when taken for 6 weeks (40) C.
Practical considerations. It is useful to assess other components of spicy meals that may contribute to symptoms (e.g. FODMAPs in onion and garlic).
1d What effect does fat have on IBS symptoms?
Included studies and evidence statements. One level II RCT (43) , four level III case-control studies (33, 34, 36, 44) and one level III cross-sectional study (37) met the inclusion criteria and were evaluated (Table 4) . Four observational studies assessed patient perceived effects of dietary fat on symptom development in individuals with IBS, with three of these including controls (33, 34, 36) and one having no control (37) . The effect of duodenal lipid infusion was assessed in one RCT using 6.7 g of fat over 2 h (43) and one case-control study using a single dose of 20 g over 1 h (44) on the development of symptoms in individuals with IBS versus controls. One study reported abdominal pain, dyspepsia and flatulence (36) . The evidence was limited with a high risk of bias.
1d-i Fat increased IBS symptoms (33, 34, 36, 37, 43, 44) C.
Practical considerations.
A decrease in fat intake may be beneficial in relieving IBS symptoms, in particular mealrelated abdominal pain and discomfort associated with visceral hypersensitivity.
1e What effect does fluid intake have on IBS symptoms?
Included studies and evidence statements. There were no eligible studies and so no evidence statements were developed.
Practical considerations. Despite the lack of evidence, a gradual increase in fluid intake is recommended (aim for a total intake of 1.5-3.0 L day -1 ) to improve stool frequency and decrease the need for laxatives in IBS-C (45) .
1f What effect do dietary habits have on IBS symptoms?
Included studies and evidence statements. Three level IV cross-sectional studies and one case-control study were included (Table 4 ) (46) (47) (48) (49) . The outcomes were not specific to only IBS patients; one study included functional dyspepsia (49) . Irregular meal pattern, lower consumption of fruit and vegetables and higher fast food consumption may be related to worsening IBS symptoms, although the studies had heterogeneous comparison groups (46) (47) (48) (49) . There was limited evidence with a high risk of bias.
1f-i There was inadequate evidence that dietary habits are associated with IBS symptoms D.
Practical considerations. Despite the lack of evidence, assess dietary habits and provide advice on how to achieve a healthy balanced diet with a regular meal pattern (breakfast, lunch and evening meal with snacks as appropriate). Good eating lifestyle includes taking time over meals, sitting down to eat, chewing food thoroughly and not eating late at night (2) .
What is the effectiveness of restricting milk and dairy products to improve IBS symptoms?
Many individuals with IBS restrict milk and/or dairy products resulting in low calcium intakes (50, 51) . To avoid unnecessary exclusion and potential dietary deficiencies, it was important to review the evidence for restricting milk and dairy products, including lactose restriction, and to evaluate its effect on symptoms.
Included studies and evidence statements
No new studies were identified and the five original studies from the first guidelines were re-evaluated (Table 5 ) (52) (53) (54) (55) (56) . In a minority of individuals, dairy exclusion can induce anaphylactic food hypersensitivity reactions when reintroduced (57, 58) and so one previous evidence statement was removed. Five remaining evidence statements were still valid and have been updated. The evidence was limited with a high risk of bias.
2i Using a hydrogen breath test with a lactose load of between 25-50 g, the incidence of lactose malabsorption was higher in individuals with IBS compared to individuals without IBS from a white, Caucasian, Northern European background (54,55) C. 2ii The incidence of lactose malabsorption was higher in individuals with IBS from ethnic groups with an increased prevalence of primary lactase deficiency (53,56) C.
2iii In individuals with IBS and a positive diagnosis of lactose malabsorption using a hydrogen breath test, a low lactose diet improved abdominal symptoms in the short and long-term (53,55,56) C. 2iv No specific IBS symptom profiles were associated with lactose intolerance or responded better to a low lactose diet (<9 g day -1 ) (54,55) C. 2v Lactose intolerance is a recognised condition in itself and should be ruled out before the diagnosis of IBS is made, especially in those from an ethnic background where the incidence of primary lactase deficiency is high (55,56) C.
Practical considerations
In individuals with IBS, lactose restriction in isolation may only provide marginal symptom benefits. Therefore, lactose restriction is generally considered as part of a low FODMAP diet (see section on fermentable carbohydrates further below).
If individuals wish to follow a milk-free diet, they should be informed that there is no high-quality evidence for this to improve their IBS symptoms. Cow's milk protein elimination in atopic individuals (i.e. eczema, asthma or hay-fever) should only be conducted by appropriately allergy-experienced dietitians. This is a result of the very small risk associated with dangerous anaphylactic reactions on food reintroduction following extended elimination of foods (57, 58) .
Which type of dietary fibre improves IBS symptoms?
The Scientific Advisory Committee on Nutrition (SACN) and the European Food Safety Authority (EFSA) define dietary fibre as nonstarch polysaccharides, all resistant starches, all nondigestible oligosaccharides with three or more monomeric units and other nondigestible but quantitatively minor components that are associated with the dietary fibre polysaccharides, especially lignin. This incorporates total dietary fibre as measured using the AOAC method 2009.01 and that used in EU nutritional labelling of packaged foods (59) (60) (61) . The report advised that the terms insoluble and soluble fibre are phased out because they often co-exist in intact plant cell walls and solubility does not always predict physiological function (61) . Diets rich in dietary fibre are associated with a lower incidence of cardiovascular diseases, coronary events, stroke, type 2 diabetes and colorectal cancers (61) . Dietary fibre has a beneficial effect on the gastrointestinal microbiota and fermentation by-products (62) . The SACN recommends that dietary fibre intake should increase to 30 g day -1 , which is consistent with other recommendations of >3 g MJ -1
(25-35 g day -1 ) and 25 g day (women) to 30 g day -1 (men) (63, 64) . High intakes of dietary fibre have been associated with symptom generation in IBS (2, 65) and so the risk factors and benefits of specific foods high in dietary fibre need to be taken into consideration.
Included studies and evidence statements
One new and 10 previously evaluated level II RCTs met the inclusion criteria (Table 6 ) (66) (67) (68) (69) (70) (71) (72) (73) (74) (75) (76) . The new study was a parallel open-label, multicentre study assessing linseed (i.e. flaxseed) supplementation and showed no benefit of taking whole or ground linseeds over placebo (76) . There were no new studies on other types of fibre from food, or fibrous foods, such as oats, oat bran, corn or resistant starches.
Dietary fibre intake was reported at baseline and post intervention in five RCTs (66, (72) (73) (74) 76) , at baseline only in three RCTs (67, 71, 75) and four RCTs provided no data (68) (69) (70) 72) . A placebo containing potentially confounding components was used in seven RCTs (66, 68, 69, (71) (72) (73) (74) and the placebo constituents were not described in one study (70) . No placebo was used in two RCTs (75, 76) . Five evidence statements were developed and/or updated. The evidence was limited with a high risk of bias.
3i Wheat bran fibre (10-40 g day -1 supplementation)
did not improve IBS symptoms (67, (69) (70) (71) (72) (73) C. 3ii Increasing dietary fibre intake from cereals and fruit did not improve IBS symptoms (66, 74) C. 3iii Ground linseeds (6-24 g day ) relieved constipation, abdominal discomfort and bloating in IBS-C gradually over 3 months (75) C.
3iv Ground and whole linseeds were well tolerated in IBS as a dietary fibre supplement (76) , although there is conflicting evidence for their effectiveness on symptoms (75, 76) C.
3v There was insufficient evidence for dietary supplementation with psyllium husk (6-24 g day -1 ) for up to 3 months to improve symptoms of IBS and IBS-C (67, 75) C.
Practical considerations
Evidence is lacking on whether the recommended 25-30 g day -1 dietary fibre intake for the general population (61) is applicable to individuals with IBS, especially because population data demonstrate inadequate dietary fibre intakes (77) . Consider the symptom profile prior to assessment of dietary fibre intake to determine whether the current intake is optimal for that individual. Check dietary fibre intake from all potential sources (cereals, grains, fruit, vegetables, nuts, seeds, pulses and mycoprotein). If an increase is applicable, encourage a wide variety of high fibre starchy foods (e.g. oats and oat bran, brown rice, rice bran, wholemeal/seeded/granary bread, wholegrain pasta, wholegrain couscous, rye-based bread, potatoes with skin, quinoa). A wide variety is important and takes into account any other dietary restrictions.
Linseeds are a useful source of dietary fibre providing 22.8 g of dietary fibre per 100 g of whole seeds. Start with 4-12 g day -1 linseeds and increase up to 24 g day -1
(1 tbs = 12 g); the full benefit may take up to 6 months. Ensure linseeds are always consumed with fluid (150 mL fluid tbs -1 ) (78) . Linseeds can be added to other food (e.g. yoghurt, breakfast cereal, porridge, homemade bread, casserole, soup, salad). It does not matter whether linseeds are golden or brown, whole or ground. Individuals with co-existing diverticular disease often avoid whole seeds as they may irritate diverticulitis (79) ; however, there is no evidence to suggest that seeds, nuts, corn or popcorn induce diverticulosis (80) . Encourage noncaffeinated and non-alcoholic fluids when fibre-rich foods are consumed to enhance the beneficial effects of dietary fibre on transit time.
What are the effects of altering the intake of fermentable carbohydrates to improve IBS symptoms?
Fermentable carbohydrates include FODMAPs, resistant starch and prebiotics. There is some overlap between prebiotics and FODMAPs because some can be considered to meet both definitions. FODMAPs can lead to increased small intestinal luminal fluid and gas production via colonic microbial fermentation (81) (82) (83) . Both of these mechanisms can result in functional bowel symptoms in susceptible individuals. Prebiotics are nondigestible, fermentable food components that result in the 'selective stimulation of growth and/or activity of one or a limited number of microbial genera/species in the gastrointestinal microbiota that confer health benefits to the host' (84) . The restriction of individual FODMAPs (e.g. lactose, fructose and sorbitol) has been of interest for a long time; however, reducing their dietary intake has only had a marginal effect on gastrointestinal symptoms, as reviewed elsewhere (85, 86) . In recent years, there has been increasing evidence that a diet low in FODMAPs improves IBS symptoms (8, 9, 85, 86) . This update has broadened its scope to appraise dietary restriction of FODMAPs and supplementation of prebiotics on all IBS symptoms, and is not just limited to abdominal bloating as in the previous guidelines.
Included studies and evidence statements Eight level II RCTs (87) (88) (89) (90) (91) (92) (93) (94) were included and summarised in Table 7 . One study from the previous guidelines was excluded because it only had 15 IBS patients (95) . One study compared a fructose restricted diet containing less than 2 g of fructose per meal with an 'IBS' diet (details not provided); however, fructose intake was not measured in either arm (87) . One study assessed the low FODMAP diet (3.05 g FODMAPs day ) versus a typical Australian diet (23.7 g FODMAPs day -1 ) in a feeding study (88) . Two studies assessed the low FODMAP diet versus habitual diet (91, 94) : one reported FODMAP intakes of 17.7 g day -1 (low FODMAP diet) versus 29.6 g day -1
(habitual diet) (91) , whereas the other did not measure FODMAP intake (94) . The latter also compared the low FODMAP diet with a probiotic Lactobacillus rhamnosus GG (94) , although this was not part of the criteria for comparison in these guidelines. One study assessed the low FODMAP diet ( (90) . One study assessed 3.5-7 g day -1 trans-galacto-oligosaccharide (b-GOS) supplementation (92) . These guidelines include six new and two updated evidence statements, with good evidence from three RCTs with low or unclear risk of bias indictating that dietitian-led low FODMAP education with up to 6 weeks of FODMAP restriction improves symptoms in IBS, IBS-D and IBS-M. There is currently no evidence to support the low FODMAP diet being nondietitian delivered (88, 91, 93, 94) . 4i A low FODMAP diet for 3 (88) , 4 (91, 93) or 6 (94) weeks improved overall symptoms in IBS and the subtypes IBS-D and IBS-M (88, 91, 93, 94) but not IBS-C (94) , abdominal pain (88, 93) , bloating (88, 91, 93) , flatulence, satisfaction with stool consistency (88) , borborygmi, urgency (91) and life interference (93) in IBS B. 4ii A fructose restricted diet for 4 weeks improved abdominal pain, bloating and stool frequency in IBS (87) C. 4iii A low FODMAP diet improved overall symptoms for the subtypes IBS-D and IBS-M (88, 91, 93, 94) but not IBS-C (94) B. 4iv A low FODMAP diet reduced dissatisfaction in stool consistency and reduced bowel frequency in IBS-D (88) C.
4v A low FODMAP diet reduced dissatisfaction in stool consistency in IBS-C (88) C. 4vi A low FODMAP diet had similar efficacy as NICE/ BDA dietary advice for overall symptoms in IBS (93) . Symptom improvement was similar for all IBS subtypes for a low FODMAP diet but less for IBS-C than IBS-D or IBS-M for NICE/BDA dietary advice (93) C. 4vii A low FODMAP diet had similar efficacy as a probiotic L. rhamnosus GG for overall symptoms in IBS, IBS-D and IBS-M (94) C. 4viii A high dose of fructans (>19 g day -1 ) and fructose (>14 g day -1 ) in IBS with fructose malabsorption (90) , and trans-GOS (7 g day -1 ) in IBS (92) , induced abdominal pain, bloating and flatulence C.
4vix Trans-GOS at 3.5 g day -1 for 4 weeks improved bloating and flatulence but not pain in IBS. At 7.0 g day -1 , bloating worsened, whereas flatulence improved (92) C.
A low FODMAP diet with a restriction phase for 3-6 weeks is efficacious in the treatment of IBS when delivered by a dietitian with expertise in FODMAP education (88, 90, 91, 96) . Successful adherence and symptom management are achieved by the provision of detailed verbal and written information on avoidance of high FODMAP foods and the inclusion of suitable alternatives to ensure a nutritionally adequate diet (97) . Two studies showed that the low FODMAP diet has similar efficacy as traditional dietary advice based on NICE/ BDA (93) or a probiotic L. rhamnosus GG (94) , without any specific symptom profiling. Thus, where adherence may be compromised, it may be applicable to consider other treatment options.
Restriction of FODMAPs reduces the short-chain oligosaccharide components of dietary fibre by 4 g day -1 compared to habitual diet (91) . An increase in low FODMAP high fibre foods may be warranted to meet dietary fibre healthy eating recommendations. From a safety perspective, evidence shows that a low FODMAP diet alters the microbiota (91, 98) and reduces calcium intake (91) in the short-term. Therefore, following satisfactory symptom improvement (3-6 weeks) (87, 88, 91) , reintroduction of individual FODMAPs to personal tolerance using dietitian-delivered systematic food challenges is necessary. Recent long-term data indicate that calcium intakes meet nutrient recommendations using the above described dietitan-led delivery (99) . However, there are no long-term microbiota data. FODMAP reintroduction verifies effective treatment and individual tolerance to specific foods at the same time as increasing dietary variety and enabling long-term self-management.
What effect does gluten have on IBS symptoms?
Gluten is the main structural protein complex of wheat, rye and barley and a gluten-free diet is the primary treatment for coeliac disease (100) . There is increasing research suggesting a possible link between the ingestion of gluten and the development of functional bowel symptoms in noncoeliac individuals. However, many of the gluten-responsive individuals in these studies are positive for the human leucocyte antigens (HLA) DQ2 or DQ8, which are present in 98% of coeliac disease and 25% of the normal population (100) , and so it is unclear whether a proportion of these individuals may actually be exhibiting sero-negative coeliac disease. Furthermore, a gluten-free diet reduces fructan intake, FODMAPs and potentially toxic components within grains such as wheat amylase trypsin inhibitors, which may be responsible for symptom improvement (101) . Therefore, whether gluten is directly involved in the exacerbation of IBS-type symptoms is unclear.
Included studies and evidence statements Four level II RCTs with conflicting evidence met the inclusion criteria and are summarised in Table 8 (102) (103) (104) (105) . One RCT included only IBS-D patients and compared a gluten containing diet (amount not specified) with a gluten-free diet for 4 weeks (102) . The other studies included all IBS subtypes. One study assessed a gluten-free diet with 100 g of gluten-containing powder (52% gluten) compared to a gluten-free diet with 100 g of gluten-free powder in patients whose symptoms had responded to a gluten-free diet (103) . One feeding study assessed a gluten containing diet (16 g gluten day -1 ) compared to a gluten-free diet (0 g gluten day -1 ) (104) . All of these studies showed that symptoms did increase in response to gluten (102) (103) (104) . A second cross-over feeding study controlled for FODMAP intake and compared high gluten (16 g gluten day -1 ) with low gluten (2 g gluten day -1 ) and a control (0 g gluten day -1 ) for 1 week with a 2-week washout but showed no gluten-specific response (105) . The evidence is limited with an unclear risk of bias for one RCT (105) and a high risk of bias for the other three (102) (103) (104) . 5i A gluten-free diet improved some IBS symptoms; specifically, abdominal pain, satisfaction with stool consistency and tiredness at 6 weeks (104) and stool frequency in IBS-D at 4 weeks (102) , which was more pronounced in individuals with a positive HLA-DQ2 or HLA-DQ8. C.
5ii When dietary confounders (e.g. FODMAPs) were controlled for, there was insufficient evidence that gluten induced IBS symptoms (105) . C.
Practical considerations
If individuals wish to follow a gluten-free diet, they should be informed that the current evidence for its use is conflicting. The diet should be assessed for nutritional adequacy in line with healthy eating recommendations. The long-term effects of a gluten-free diet in IBS are unknown. In coeliac disease, a gluten-free diet is used as a life-long treatment and impairs quality of life (106) .
Which strain-specific probiotic products improve IBS symptoms?
Probiotics are one of the most investigated treatment options for IBS and have generated great interest amongst individuals with IBS and healthcare professionals. There are many probiotics available as single or multi-strain products in a variety of formulations (e.g. capsules, powders, fermented milks and yoghurts). None have had their health claims approved by European Food & Health Safety Authority (EFSA) (107) . 14 days placebo (maltodextrin)
trans-GOS ‡
days
High dose: 7 g day ). ‡ Trans-galacto-oligosaccharide powder, made from Bifidobacterium bifidum NCIMD 41171 containing 22% lactose made up with water as a banana or chocolate flavoured drink.
The previous guidelines only reviewed UK available probiotics (7) ; however, the current guidelines included all internationally available probiotics and so all previous evidence statements and recommendations have been reviewed.
Included studies and evidence statements Thirty-five RCTs met the inclusion criteria for this review from nine included systematic reviews (2, (143) (144) (145) (146) (147) (148) (149) (150) . In brief, 29 different dose-specific probiotic formulations in 35 RCTs were identified and a detailed evaluation along with 19 evidence statements for probiotics are provided elsewhere (15) .
Practical considerations
There are many probiotic products available in different doses and variable bacterial strains. Individuals with IBS who choose to try probiotics should be aware that some products contain other ingredients that may increase IBS symptoms (e.g. dietary fibre: oats; FODMAPs: FOS, inulin, lactose, fructose, sorbitol and xylitol). If an individual finds 4 weeks of use of a probiotic beneficial, they can continue to take it but the long-term effects are not known.
Elimination diets and food hypersensitivity to improve IBS symptoms
Food hypersensitivity is an umbrella term used to describe an adverse reaction to food and is defined as food allergy if immune-mediated or food intolerance if not (151) . Food intolerance includes pharmacological effects of food or food components, noncoeliac gluten sensitivity and enzyme/transport defects (152) . Allergictype responses to food have been implicated in a number of studies linking mast cell mediators with altered colonic nerve activity in IBS (153) (154) (155) . However, it remains unclear what mechanism is driving this immune activation (e.g. food allergy, autoimmune disease, bacterial or viral infection) and there is no conclusive evidence that the immune system is directly implicated in IBS (154, 156) .
Included studies and evidence statement
No new studies met the inclusion criteria and six studies were previously evaluated (157) (158) (159) (160) (161) (162) . The previous guidelines provided third-line advice on an elimination or empirical diet for individuals who had failed second-line dietary advice (7) . However, this third-line advice was based on low-quality evidence with limited effectiveness on symptom management and was not based on well-defined mechanisms. With the emergence of the low FODMAP diet, strict elimination diets that are nonspecific are no longer used in IBS symptom management and the mechanisms underlying their role have still not been clarified. Therefore, the previous evidence statements and recommendations are no longer applicable and third-line advice has been removed.
Practical considerations
The only focused elimination-type diet that is appropriate for IBS is the low FODMAP diet (see section on fermentable carbohydrates above). Other nonspecific elimination diets do not have mechanistic evidence or clinical evidence to defend their continued use.
During medical and family history taking of individuals with IBS, it is good practice to ask about food allergy and intolerance (e.g. vasoactive amines, sulphites), although this is not related to an IBS diagnosis. Dietary advice for food allergy is not considered in these guidelines and clinical guidance should be sought elsewhere (163, 164) .
Discussion
The present systematic review and guidelines provide the first fully comprehensive evidence-based guidelines for the dietary management of IBS in adults using a robust methodology. The highest-quality evidence was for the low FODMAP diet for IBS and the subtypes IBS-D and IBS-M. The evidence has rapidly accumulated over recent years and is starting to become internationally recognised (165) . A new IBS algorithm has been developed to comprise first-and second-line interventions. The low FOD-MAP diet is considered as the only second-line intervention and the evidence to date only supports dietitian-led delivery. Evidence is lacking to support secondline dietary interventions in the management of IBS-C. National guidelines from the UK and Japan recommend the low FODMAP diet in IBS management and weakly recommend a high fibre diet and avoiding highfat and spicy food (2, 11) . Some guidelines have not yet incorporated the low FODMAP approach (166) . Overall, there is increased awareness for more detailed dietary guidelines to be implemented into standard IBS clinical practice.
The previous guidelines did not systematically review the first-line advice in relation to healthy eating and lifestyle (alcohol, caffeine, spicy food, fat, fluid and dietary habits). The evidence identified was a high risk of bias with a lack of high quality and high quantity studies. Indirect cross-sectional evidence for modifying dietary habits to improve IBS symptoms was treated cautiously and there was insufficient evidence to make a recommendation. It is sensible to provide guidance on good eating lifestyle and a regular meal pattern considering that 60% of IBS patients report symptom worsening after meals, 20% within 15 min of eating and 93% within three hours (36) . Visceral hypersensitivity, as seen in duodenal infusions with fat, and other mechanisms may explain these postprandial responses (97) . Elimination diet studies target specific foods (e.g. dairy, wheat, onion, rye and potato) that may be associated with fried and fatty foods rather than directly with fat (157) (158) (159) (160) . However, there was no direct prospective evidence that reducing fat intake improved IBS symptoms. In clinical practice, reducing fat intake in accordance with healthy guidelines is worth exploring and it may be warranted to assess for bile acid diarrhoea because IBS is sometimes mistaken for bile salt malabsorption (167, 168) . Cows' milk is sometimes blamed for symptom generation in IBS and it is assumed that lactose is the culprit; however, cows' milk protein may be implicated. Cows' milk supply typically contains A1-and A2-b-casein in a 1 : 1 ratio; however, during digestion of A1-b-casein, bcasomorphin 7 is released, which may lead to At 1 week compared to baseline of a gluten containing diet overall symptoms (P = 0.047), abdominal pain (P = 0.016), bloating (P = 0.031), dissatisfaction with stool consistency (P = 0.024), tiredness (P = 0.0001), significantly increased, but not for flatulence (P = 0.053) and nausea (P = 0.120). At 6 weeks the VAS score change in overall symptoms, flatulence and nausea were no different compared with placebo. Gluten-containing diet increased abdominal pain (P = 0.02), dissatisfaction with stool consistency (P = 0.03) and tiredness (P = 0.001). The gluten containing diet was associated with increased stool frequency compared to the gluten-free diet (P = 0.04), which was greater in HLA-DQ2 or HLA-DQ8 positive patients. Diet not controlled for confounders e.g. FODMAPs High CO, cross-over; DB, double-blind; RCT, randomised controlled trial.
gastrointestinal symptoms, although this has not been observed with A2-b-casein. Some preliminary research in subjects with self-reported milk intolerance has shown that these symptoms may be avoided with milk containing only A2-b-casein (169, 170) ; further research is warranted to determine whether these findings can be repeated in patients with IBS.
Food is a complex matrix of variable components and, depending on its solubility and fermentability, the different types of dietary fibre have a variety of actions on the gut and its environment (62) . These guidelines only included one new RCT of dietary fibre modification (76) . Bias related to dietary factors was considered carefully in respect to the study design of the dietary fibre RCTs. Inappropriate placebos were used in many of the trials, providing a lack of confidence in any effects and the potential to explain conflicting findings. Appropriate placebo with no known gut-related alterations and dietary intake should be considered during future study designs.
To date, most low FODMAP diet research has compared it to a normal diet, whether described as an habitual UK (91) or Danish (94) diet or a typical Australian diet (88) . The effectiveness of a low FODMAP diet compared to or combined with other therapies such as other dietary treatments, medication, probiotics or prebiotics is limited (93, 94, 171) . Two of these RCTs were assessed in these guidelines and demonstrated that the low FOD-MAP diet has similar efficacy as a probiotic L. rhamnosus GG (94) or NICE/BDA dietary advice (93) for overall symptoms in IBS. A possible explanation for the similarity for symptom outcomes between the low FODMAP diet and the NICE/BDA diet in the study by B€ ohn et al. (93) is that the FODMAP intake for the NICE/BDA arm was similar to that of the low FODMAP arm in the study by Staudacher et al. (91) . This provides support for further work aiming to investigate how low FODMAP intakes should be to achieve IBS symptom control. For IBS subtypes, B€ ohn et al. (93) indicated no differences in symptom response for the low FODMAP diet but IBS-C responded less well for NICE/BDA dietary advice and Pedersen et al. (94) demonstrated symptom improvement for IBS-D and IBS-M for both the low FODMAP diet and the probiotic. A placebo-controlled RCT is considered the gold standard study design in dietary trials (172) . The third RCT is currently in abstract form only and was not included in these guidelines (171) . The study compared the low FODMAP diet with a placebo (sham) diet, which was designed to be equivalent in nutrients and FODMAP content as a habitual diet, and showed that the low FODMAP diet is superior to a placebo diet. The study was designed as a 2 9 2 factorial trial to assess the combined effect of the low FODMAP diet and a multi-strain probiotic not only on symptoms, but also on the microbiota; the results of the latter are awaited. For symptoms, the effectiveness of the probiotic was equivocal (171) . Thus, although research on the low FODMAP diet is expanding, there is limited evidence for IBS subtypes. To increase the strength and applicability of the evidence, it is appropriate to develop international research collaborations for dietary trials, especially for the low FODMAP diet, in IBS. This will facilitate predictors of response for IBS-subtype targeted dietary therapy to be developed.
There is growing interest in gluten sensitivity in the general population following the popularity of a glutenfree diet promoted in the media. Thus, fairly or unfairly, gluten is sometimes blamed as a cause of IBS symptoms (101, 173, 174) . The findings presented here show that evidence for using a gluten-free diet in IBS is controversial and FODMAPs may be confounders. Wheat, barley and rye contain short-chain carbohydrates, particularly fructans, as well as proteins, gluten and amylase trypsin inhibitors, all of which may be involved in gastrointestinal symptom generation, although conclusive evidence is lacking (101) . Dietary exclusion of these cereals reduces the FODMAP content of the diet by 50% and may provide adequate symptom relief. Individual food challenges are appropriate to confirm whether these foods induce symptoms that will be useful for long-term self-management and nutritional adequacy. HLA-DQ2 and HLA-DQ8 tests may be warranted and negative results will rule out coeliac disease where individuals are not prepared to reintroduce wheat or rye (175) ; however, positive HLA-DQ2 and -DQ8 tests will not confirm or refute coeliac disease (101, 175) . Recommendations for specific probiotic products were not possible because of a lack of consistency in outcome benefits across studies on the same probiotic or only one study assessing one probiotic. Probiotics are considered as safe for use in IBS and it is likely that they will continue to be purchased by the public. Healthcare professionals can use these guidelines to inform individuals with IBS about the limited benefits of probiotics and the potential for a placebo response, which is known to be high in IBS clinical trials (176) . The previous guidelines had recommendations for food hypersensitivity and elimination diets described as third-line advice. This section has been removed because of the limited evidence without mechanistic understanding of nonspecific restrictive diets for IBS, leading to concern over the potential for nutritional inadequacy and increased symptom generation on food reintroduction.
For clinical practice, the IBS dietary algorithm has been simplified to include only first-and second-line advice (Fig. 1) . The first-line advice comprises 'healthy eating and lifestyle', which could be provided by any healthcare professional with an interest in dietary intake and management in IBS, ideally in primary care/family practice but also in secondary care/hospital where applicable (2, 177) . Patient literature should be developed for first-line advice with a strong self-management approach for use by any healthcare professional interested in IBS dietary management. The second-line advice comprises 'the low FODMAP diet', which is supported only by dietitian-led counselling in addition to supportive patient literature to enhance education and understanding as they see fit (85, 97, 178) . Increasing awareness of the low FODMAP diet means that it may be delivered in a manner deviating from evidence-based practice and bypassing dietitian-led counselling whereby patients are given only basic information or directed to the Internet. This nondietitian-led delivery option for such a complex dietary intervention is potentially unsafe and ineffective and therefore requires investigation.
A low FODMAP diet has recently been included as a treatment option in NICE guidelines for IBS (2) . This may have implications for clinical practice because it states it should be provided by a healthcare professional with expertise in dietary management. However, without an increase in the dietetic workforce, increased dietetic referral rates warrant alternative educational options to be considered. Indeed, dietitian-led low FODMAP education groups comprise effective alternative and clinical pathways that offer a choice of groups and one-to-one appointments should also be considered (178) . Practical aspects to enhance the delivery of an effective low FODMAP service have been considered elsewhere (86, 97, 178) .
Research recommendations
The scientific community is only just starting to unravel how diet affects gastrointestinal functions, in particular in relation to functional bowel symptoms and the gastrointestinal microbiota (179) . It appears that now is the time to re-evaluate diet as a potential confounder in IBS RCTs on medication and diet when, previously, this was rarely taken into consideration. There are few RCTs in IBS that have measured dietary intake at baseline and intervention completion and many placebos may have contained confounding ingredients. Objective markers to predict IBS symptom response in dietary trials of IBS are lacking. It was agreed that four topics are priority research areas.
Dietary fibre
Well-designed and adequately powered RCTs to assess the effects of dietary fibre intakes of at least 30 g day -1 in the treatment of IBS-C for at least 3 months with long-term follow-up are warranted. It is unknown whether the dietary fibre recommendations for individuals with IBS should differ from those of the general population or whether they can increase their daily dietary fibre intake to meet healthy eating recommendations.
FODMAPs
Well-designed and adequately powered RCTs on FODMAPs should focus on IBS symptom profiles, long-term follow-up with reference to symptom control, safety, microbiota and nutritional adequacy, optimal education delivery, and health economics in specific IBS-subtypes and clinical settings. High-quality RCTs should consider factors such as dietary components that affect gut motility and gut microbiota as described elsewhere (15) . The effectiveness of a low FODMAP diet compared to or combined with other therapies, such as other dietary treatments, medication, probiotics or prebiotics, is limited and needs further evaluation. Determining predictors of response for the low FODMAP diet is of paramount importance.
Dietitian-led delivery of low FODMAP education incorporates a restrictive low FODMAP diet for 4-6 weeks followed by FODMAP reintroduction using a systematic food-challenge process to determine personal tolerance thresholds to individual foods and enabling long-term self-management. The success of alternative delivery options to dietitian-led low FODMAP dietary counselling remains unknown; however, with a heightened interest in the diet, it is imperative that such alternative options are prioritised as a research need to determine their safety in terms of any effects on the gastrointestinal microbiota and nutritional adequacy, as well as their acceptability, and clinical and cost effectiveness.
Gluten
Well-designed and adequately powered RCTs are needed to clearly differentiate between gluten sensitivity and FODMAPs and to establish a clear definition of the difference in symptom profile between the two conditions. Dietary intake should be measured.
Probiotics
Well-designed and adequately powered RCTs of probiotics should consider factors such as dietary components that affect gut motility and gut microbiota and measure dietary intake.
Conclusions
In summary, these updated BDA evidence-based clinical practice recommendations provide first-line dietary and lifestyle assessment related to healthy eating and intakes of alcohol, fat, fibre, milk, spicy foods and use of probiotics. Second-line advice should be considered where IBS symptoms persist, and recommendations include dietitian-led delivery of a low FODMAP diet. There was a lack of evidence to recommend a gluten-free diet or any nonspecific food hypersensitivity interventions for treating IBS. 
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